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The  facts  uncovered  by  this  laboratory  investigation  disproves 
common  ideas  concernjjnr;  oil  and  water.     These  concepts  have  been  based 
on  superficial  observations  that  have  with  years  of  repetition  become 
traditional. 

Observations  in  field  control  led  to  this  discovery.    When  sur- 
reptitic»i3  use  was  made  of  properly  moistened  aggregate  in  bituminous 
mixtures,  outstanding  improvements  in  the  resultant  pavement  behavior 
were  frequently  noted. 

These  field  observations  prompted  the  systematic  investigations 
described  in  this  report  by  Stephen  F.  Weber,  vriiich  in  effect  says; 
There  is  a  moisture  content  in  the  processing  and  placing  of  bituminous 
mixtures  at  which  the  greatest  amount  of  initial  stability  and  resis- 
tance to  deterioration  can  be  obtained  with  the  least  amount  of  mech- 
anical effort  <, 

A  careful  study  of  this  Report  should  provide  an  explanation  of 
many  behavior  types  and  construction  difficulties  encountered  in  bitum- 
inous pavements. 


R.  H.  Gagle 
Materials  Engineer 
State  Highway  Commission 
Helena,  Montana 


Tht  four  ecauponentB  of  pavements,  mineral  aggregate,  asphaltic 
binder,  air  voids,  and  melsture  are  considered  in  this  study^- 
Moisture  in  paveoKnts  has  been  held  responsible  for  such  phencmieaa 
as  stripping  of  asphaltic  binder  from  the  aggregate,  swelling  of 
the  pavonent  with  disruption  of  its  structure,  loss  of  stability 
when  wet,  and  shrinking,  cracking,  and  disintegration  u^n  drying. 
By  adding  to  the  total  liquid  content  of  pavement  mixture,  moist-^ 
lire  has  been  associated  with  behavior  characteristics  vfiilch  resem- 
ble those  of  overly-oiled  mixes. 

This  study  was  initiated  for  the  pirpose  of  gaining  a  better 
understanding  of  the  mechanism  of  swelling  and  of  determining  the 
variety  and  extent  of  the  influences  of  taolsture  on  the  physical 
properties  of  compacted  bituminous  mixtures.    An  attonpt  is  made 
to  correlate  the  behavior  of  materials  as  revealed  by  the  volume 
swell  test  r^sfults,  under  various  conditions,  with  jAiysical  char^ 
acteristics  concerned  with  the  service  behavior  aS  asphaltic  pave- 
ments. 


coNCiusiOMS  imm  from  study 

l^e  date  collected  fram  this  investigation  ai*e  consider©! 
adequate  to  support  the  following  conclusions: 

1.  The  asphalt-aggregate  mixtures  absorbed  water  and  increased 
in  volume  iriien  subjected  to  moisture  conditions. 

2.  The  degree  of  expansion  (volume  swell)  is  governed  by  tbs 
characteristics  of  the  aggregate, 

3.  Volume  swells  were  accompanied  by  disruption  of  the  struct- 
ure of  compacted  asphalt-aggregate  mixtures  with  softening 
and  loss  of  stability  to  a  degree  roughly  proportional  to 
the  measured  volme  swelle 

il.      There  is  no  exact  correlation  between  water  absorption  and 
volume  swell,  and  materials  prone  to  swell  were  not  success- 
fully inhibited  by  waterproofing  with  asphalt  films  and  denses 
campaction. 

5.  Chanical  additives  employed  in  this  series  of  experiments 
were  moderately  effective  in  promoting  the  adhesion  of 
asjiialts  to  aggregates.    They  retarded  scmei^at  the  rate  of 
water  absorption  and  swelling  of  the  compacted  aggregate  mix- 
tures, but  had  no  permanent  waterproofing  effects,  nor  did 
they  have  any  appreciable  influence  on  the  final  amount  of 
absorption  and  swelling.- 

6.  Asphalt-aggregate  mixtures  when  compacted  with  the  mineral 
particles  already  in  a  swelled  condition,  then  allowed  to  dry, 
were  highly  resistant  to  swelling,  softening  and  loss  of  stab- 
ility by  the  penetration  of  moisture. 

7.  Volume  swell  test  results^  on  twenty  eight  aggregate  mixtures 
compacted  with  moisture  averaged  2^  of  the  volime  swell  re- 
sults of  the  same  mixtures  compacted  dry. 
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8»  Aggregate  mixfc-ures  compacted  with  moisture  absorbed  on  average 
of  as  uruch  water  as  the  dry  compacted  specimens  on  an  S-day 
immersion. 

9.     Specimens  ccmpacted  with  moisture  had  an  approximately  10^ 
greater  dry  density  than  similar  specimens  compacted  dry»- 

10.  The  unconfined  compression  results  <m  22  specimens  molded  with  ' 
BSjiSture  averaged  258^  of  the  stabilities  of  the  dry  compacted 
specimois,  after  8-days  immersion, 

11.  Each  asjiialt-aggregate  mixture  had  an  optimum  moisture  content 
at  Tidiich  a  maximum  density  is  obtained  for  a  given  compactive 
effort. 

12.  The  optimum  moisture  content  for  best  compaction  is  sufficient 
to  take  advantage  of  the  greater  part  of  the  volxtme  swell  in-- 
hibition  produced  by  moist  compaction. 

15.      A  certain  moisture  content  facilitates  an  aggregate's  cold 

mixing  with  cut-back  and  light  road  oils.    Mxlng  is: not  only 
accomplished  with  less  effort,  but  better  coverage  is  obtained 
with  leas  oil.    This  is  especially  noticeable  on  aggregates  con- 
taining aglomeratlons  of  fines  since  the  moisture  disperses  the 
fines  so  they  can  be  readily  coated  with  oil. 

ll|..      Compacted  oil  mixes  may  swell  with  water  absorption  and  lose 

density  and  stability,  but  upon  being  recompacted  in  the  moist 
condition,  are  not  as  subject  to  swelling  and  the  resultant 
deterioration  as  they  were  before  being  recompacted  in  the  moist 
condition,    (Compare  colimm  Ij.  and  i;  A,  Table  3.) 


PROCKDUHES  AND  CALCUUTIOIS 
Aggregates  and  sands  fl»om  various  pits  located  throng  out  the 
state  of  Montana  were  used  in  these  tests.    For  the  Volume  Swell 
and  absorption  test,  a  100  gram  sample  of  -lOM.  material  was  miasd 
with  a  given  percentage  of  asphaltic  material.    The  percentages 
used  were  such  as  to  coat  all  aggregate  particles  vtiea  thoroughly 
mixed.    After  being  mixed  with  asphalt,  the  aggregate  samples  were 
iQ<i>lded  into  two-inch  diamater  briquettes  by  a  compression  machine 
at  a  sustained  pressure  of  2000  lb.sq,in<,  for  a  two-minute  period. 
Some  briquettes  were  molded  under  5OO  lb,  per„  sqo  in.  for  com- 
parison purposes,  and  to  more  nearly  approach  densities  obtained 
in  actual  roadway  construction.    Still  others  were  prepared  lath 
various  admixtures  to  promote  adhesion  of  asphalt  to  aggregate* 
A  duplicate  mix  was  prepared  in  epich  instance  -vdaich  contained  a 
certain,  percentage  of  moisture  viilch  was  incorporated  either  in  the 
mixing  operation  with  cut-back  aspiialts,  or  after  mixing  in  the  case 
of  filing  with  heaviel*  asphaltic  materials  which  required  heat  far 
mixing. 

The  molded  briquettes  were  immersed  in  distilled  water  after 

specified  curing,  >reighing,  and  measuring.    They  were  allowed  to  soak 

for  a  period  of  8  days  at  ^liiich  time  they  were  removed,  re-weighed, 

re-measured,  and  subjected  to  a  stability  test.    The  volume  of  the 

briquettes  was  measured  by  the  mercury  displaconent  method. 

Data  calculated  and  reported  include  the  following: 
Percent  volume  swell  g  z       ~  '"'^  ^ 


Percent  water  absorption 


VI 

W2  -  ¥1  X  100 
Wl 


Density  of  briquette  d  - 

Percent  voids  in  specimen     V  -    ,  ^Qp^^^*^)., 

Percent  saturation  of  voids     -    (W2  -^^)  -  (S  VI) 


Miere 


original  Tolume  of  dry  briquette  in  c. c. 


V2 


TOltmie  of  briquette  after  eight-day  immersion 


original  weight  of  dry  briquette  in  grams 


weight  of  briquette  after  eight-day  immersion 


theoretical  maximum  density  of  briquette  if 


free  from  voids  - 


100 


A 


weight  percent  of  aggregate 


Al 


weight  percent  of  asphalt  binder 


G 


specific  gravity  of  aggregate 


Gl 


specific  gravity  of  asphalt 


The  Montana  Cone  Bearing  Test  was  t  aken  on  seme  briquettes  to 
obtain  a  stability  value,  with  the  result  reported  as  the  plotted 
angle  of  work  vs  volume  displacement  in  degrees.    A  modification  of 
the  Florida  Bearing  Test  was  also  used  in  iiAich  the  measure  of  bear- 
ing value  is  reported  as  the  load  required  to  rupture  a  briquette  in 
compression  under  the  one-inch  plunger  of  the  Florida  Bearing  Machine. 
The  results  are  reported  as  F.B.V.  in  pounds  per  square  inch. 

Strip  tests  for  the  determination  of  the  adhesion  of  as'phalt  to 
the  aggregate  were  run  on  samples  of  material  containing  predeter- 
mined proportions  of  -200  M.  fines.    After  oiling,  soaking  for 
hours  and  agitating  for  fifteen  minutes  in  a  ro-tap,  the  oiled  and 
stripped  -200  M.  fines,  were  separated  by  pouring  onto  a  200  M. 
screen.    The  stripped  fines  passed  through,  vere  collected,  dried 
and  weighed.    The  fines  y&ilcb.  retained  their  film  of  oil  were  re- 
tained on  the  screen, 

Kie  strip  test  results  for  the  fines  were  reported  as  the  percent 
of  -200  M.  material  remaining  coated  with  asfiialt  and  -viiich  did  n<it 
pass  the  200  M,  screen  in  the  separation.    Stripping  of  the  coarse 
aggregate  particles  was  rated  as  good,  fair,  or  poor  by  visual  inspection* 
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A  series  of  test  mixtures  was  made  with  aggregate  #95706  and  a 
straight-run  MG-5  cut-back.    Aggregate  #95706  is  an  aggregate  which 
shoT-ied  a  high  value  for  volume  swell  and  a  pdor  strip  test  when  tested 
by  standard  procedures.    The  aggregate  contained  a  considerable  iract- 
icffi  of  fines  (ll|.  85^  of  -200  M,       Mnus  UO  M,  material  obtained  from 
dry-  screening  had  a  P.I.  of  zero,  i^ile  the  -UO  M.  material  obtained 
frcan  wet  screeniag  had  a  P.  I.  of  8060    This  vrould  indicate  that  plastic 
fines  were  aglomerated  into  particles  of  larger  size  than  the  iiO  M. , 
and  also  probably  occur  as  coatings  on  coarser  fractions. 

Mixtures  were  made  both  with  and  without  additives  to  promote  ad- 
hesion, and  with  and  without  moisture,  compacted,  dried,  and  tested  as 
shown  in  table  1.    The  results  of  this  series  of  tests  seem  to  indicate 
the  following; 

1„      Chemical  additives  to  the  oil  resulted  in  an  improvement  of  adhes- 
ion, but  no  corresponding  improvement  in  the  vol.  swell  results* 

2.     Additive  "B"  promoted  entrance  of  water  into  compacted  specimen* 

5.     With  this  particular  aggregate,  the  dry  mixing  process  did  not 

result  in  complete  coverage  of  the  fines.    The  wet  mixing  process 
dispersed  the  plastic  aglomerations  and  resulted  in  more  complete 
coverage.    The  better  strip  results  on  test  no»s.  5,  6^       &  Q  as 
compared  to  no»s.  1,  2,  5,  &  [4.,  respectively,  are  attributed  to 
better  mixing  and  more  complete  Coverage. 

Ij..      Oiled  material  that  was  compacted  with  moisture,  then  allowed  to 

dry,  had  a  very  small  expansion  when  subjected  to  the  Yolo  swell  test. 

5,      The  improvement  in  vol.  swell  results  of  the  moist  compacted  samples 
was  not  due  to  the  exclusion  of  moisture,  since  there  was  no  corresp- 
onding decrease  in  void  saturation.    It  is  probably  significant  that 
swelling  occurs  long  before  the  voids  approach  saturation. 


TABIE  1 


EFFECT  OF  ADDITTVES  ON  VQDJME  SWELL  MB  M&ISTUEE  ABSOfimOH 

Aggregate  #95706  (-10M)  oiled  both  dry  &  containing  7^  moisture,  with  $1^  straight-run 
for  Volume  S-well  tests,    tlinus  J"  material  vAth        oil  was  used  for  strip  tests. 


TEST 
MIMBER 

TREATMENT  OF  OIL  &  AGGREGATE 

STRIP  TEST 
CGUESE 

RSdAINING 
OHED  AFTEi 

MOISTURE 
AESOHPHQN 

^  VOUJMS 
SWELL 

SATtJRABCQN 

OF  ceigina: 

VKJJJUO* 

1 

Untreated  Oil 

ux±eu.  ana 
Compacted  Dry 
200C#  psi 

Poor 

18.8 

ll4*2 

19.6 

1^  Additive  "A" 
in  Oil 

w 

Good 

•17,6 

17.1 

5 

1^  Additive  "B" 
in  Oil 

« 

Fair 

3h»o 

19.1 

22.3 

70.7 

h 

^fo  Additive  "G" 
on  Aggregate 

n 

Fair 

53.5 

8.5 

10.6 

hh.7 

5 

Untreated  Oil 

Oiled  and 
Compacted  idth 
1%  Moisture 

'Boot 

52.2 

3.2 

27.6 

6 

1^  Additive  "A** 
in  Oil 

s 

Good 

92.2 

0.2 

14.9.2 

7 

2^  Additive  "B" 
in  Oil      .  - 

Fair 

71.1+ 

7.2 

2.0 

66,7 

8 

1^  Additive  "G" 
on  Aesresate  . 

« 

Fair 

88.6 

i;.8 

1.1 

1+3.8 

A  series  of  tests  "was  made  on  oiled  mixes  vAiidi  had  been  cured 
for  t-wenty-f our  hours  with  various  percentages  of  moisture  before 
molding.    The  curing  process  consisted  of  the  incorporation  of  givai 
amounts  of  moisture  in  asphalt  mixtures  and  alloTdng  to  stand  for 
t-wenty-four  hours  in  a  closed  container.    The  twenty-four  hour  period 
was  necessary  for  the  absorption  of  the  moisture  by  the  aggregate 
since  the  aggregate  particles  take:  up  moisture  slowly  after  being 
coated  with  asphalt.    The  conditions  prescribed  for  this  series  of 
tests  were  designed  to  reveal  the  effects  of  different  moisture  con- 
tents before  compaction  on  the  density  and  the  stability  as  measured 
by  the  Montana  Cone  Machine.    Ilie  experimental  results  are  tabulated 
on  Table  2,  and  indicate  the  following: 

1.  The  stability  of  the  freshly  molded  briquettes  containing 
moisture  increased  with  the  moisture  content  up  to  about 
two  percent  moisture,  then  gradually  declined  with  increased 
moisture  contents.    Sxcessive  liquid  contents  are  shown  to 
be  detrimental  to  stability  and  gradually  overcome  the 
initial  gains  in  stability  brought  about  by  an  increase  in 
density, 

2.  Greater  densities  were  obtained  in  compacted  specimens 
with  increasing  moisture  contents  up  to  an  optimum  moisture 
content  s 

5.    Stabilities  of  the  compacted  and  dried  specimens  were  very 
closely  related  to  the  deisities. 
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TABLE  2 

EFFECT  OH  flSNSITTES  AHD  STABmTIES  OF  OIL  MIXES 
MOLDED  WITH  VASIOUS  MOISTURE  CONTENTS 

Aggregate  #9U58l4  oiled  Vith  ^  3)41  pai.  asphalt. 
Moisture  cured.  vd.th  various  percentages  of  water 
for  2U.  hrs»  then  laolded  at  2000  pounds  per.  sq»iii. 


fo  Moisture  Added 
To  Oil  Mix 

Cone  Angle 
Immediately 
After  Compaction 

uone  iuigxe 
After  Drying  2h- 
hours  at  100°F, 

i^nsiuy  iii.  bex 
Diying  2)4  hrs. 
at  120°F. 

0.0 

1.65 

1*0 

U9°Uo» 

1*70 

2.0 

57°00» 

1.73 

3.0 

1+3^35' 

5o\o» 

1.73 

U.0 

.0 
36  29» 

59°36» 

1.75 

5.0 

33°57* 

66°1D' 

1.79 

6.0 

30°3l;' 

63°oo» 

1.79 

7.0 

lo76 

-lo- 
in the  following  series  of  detenn±nati<ais  the  bldquettes 
•were  molded  dry,  Tising  various  grades  of  asphaltic  binder  as 
indicated,  and  5OO  lb.  per.  sq.  in.  Compression  load.  The 
Biolded  briquettes  wsre  weighed  and  measured  and  the  dry  den- 
sities computed.    They  were  then  immersed  in  water  for  a  per»- 
iod  of  8  days,  then  re-weighed  and  re-measured  and  the  water 
absorption  and  percent  swell  calculated. 

The  same  briquettes  were  re-inserted  in  the  mold  in  their 
soaked  condition  and  re-compressed,  removed,  dried,  weighed 
and  measured  and  the  dry  density  was  again  computed.  They 
were  then  again  immersed  in  water  for  8  days,  then  weighed 
and  measrured  for  water  absorption  and  volume  swell  determin- 
ations.   A  modified  F.B.V.  test  was  taken  on  the  briquettes 
in  their  final  soaked  condition. 

BESULTS; 

The  teat  iresults  as  tabulated  in  table  3  Seem  to  indicate  that 

1.  The  moisture  absorption  for  the  series  of  briquettes  re- 
compacted  with  the  moisture  present  from  the  first  8  day 
Immersion,  upon  being  dried  and  re-immersed  for  8  days, 
■.again  absorbed  an  amount  of  moisture  very  nearly  equal 
to  that  of  the  first  immersion  test»- 

2.  Bie  ToluBBS  swell  was  reduced  an  average  of  89.1^  by  re-  \ 
compacting  with  the  absorb^  moisture  frcm  the  first  \ 
immersion  present  in  the  bl-iquettes. 

3«      Densities  of  the  moist  compacted  briquettes  averaged 

15.8^  higher  than  the  first  series  molded  without  moist- 
ure. 

il..      The  stabilities  of  the  re-compacted  with  moisture  brique- 
ttes in  a  soaked  condition,  varied  T/Ath  the  consistency 
of  the  asphaltic  binders. 


-11- 


The  tabulations  on  tables  h  ^  3  are  the  results  obtained 
on  twD  different  aggregates.    A  series  of  tests  was  conducted, 
in  each  instance  in  an  effort  to  establish  any  relationships 
that  mi^t  exist  between  density,  stability  and  volume  swell, 
and  the  moisture  content  at  lyiiich  the  specimens  were  molded. 
The  results  of  the  tests  on  aggregate  ^7157  ajre  graphically 
illustrated  In  Fig,  1,    The  following  conclusions  may  be 
drawn  from  these  two  series  of  testss 

1«    Both  oiled  mixes  exhibit  an  optimum  moisture  content 
at  -sdiich  a  mlxinrum  density  is  obtained  for  the  spec- 
ified compactiire  effort.    The  aggregates  reacted 
differently  to  mcdsture  contents  in  excess  of  optlimini 
in  that  sample  #97157  lost  density  and  stability  with 
excessive  moisture  contents  while  ^6865  did  not. 
2.    Increasing  increments  of  moisture  are  accompanied  by 
substantial  reductions  in  volume  swell.    The  greater 
portion  of  the  volume  swell  reduction  is  attained  at 
a  moisture  content  corresponding  to  the  optimum, 
although  some  further  improvement  is  produced  by 
still  higher  moisture  contaits.- 
5.    Higher  stability  values  as  measured  by  the  modified 
F.B.V.  and  the  Montana  Cone  Test  are  associated  with 
increasing  densities  and  decreasing  volume  swell  re- 
sults viiich  result  frcan  compaction  with  moisture. 


TABLE  3 
Aggregate  #95297 


STANDARD  VOLUME  SWELL  TEST  RESULTS 
Col»l     Col,  2          Col.  5            Col.i+         Col.  5 

RECOMPACTED  MOIST  AND  RESWEiLLED 
Cq1.3A       Col.i4A  CQI.5A 

Wo, 

Type  Oil* 

%  Moisture 
Absorbed 

fo  Swell 

Dry  Density 
Before 
Immersion 

%  Moistiire 
Absorbed 

%  Swell 

Dry  Density 
Before 
Immersion 

Stability 

psi 
(soaked) 
M  FBV 

1 

sc-3 

10.1 

7o8 

1.767 

9.17 

Shrinkage 
0.75 

2.022 

2 

SC-6 

11.2 

8.5 

1.727 

10.76 

Swell 
0,92 

2,009 

16^ 

3 

503  Pen. 

11.1 

7o5 

1.716 

9.57 

0.73 

2.006 

ll|C# 

k 

196  Pen, 

9.8 

8.5 

1.707 

9.21 

0.73 

1.985 

5 

60-70  Pen„ 

9.1 

8.8 

1.707 

8.57 

1.28 

1.971 

21C^ 

*  -  All  saciplea  oiled  with  8^  oil. 


TABLE  k 

BEHAVIOR  OF  #96865  OHED  Wlffi  6%  I2O-I5O  PM.  ASPHALT  AMD  MOLDED 
ICCTH  VARIOUS  WATER  CONTENTS  AT  5OO  LBS.  PER  SQUARE  INCH. 


fo  Water 
Added  to 
Oil  Mix 

Cone  Angle 
Immediately 

Cone  Angle 
After 
Drying 

Cone  Angle 

After 

8  Day 
Immersion 

F.B.V. 

After 
8  Day 
Immersion 

Density  of 

Dried 
Briquette 
gr./cc. 

VolTme 
Swell 
8  Day 
% 

0 



7°2l4' 

l4l# 

1.58 

8.3 

x| 

58°OQ« 

10°21' 

8# 

1.^ 

7.2 

3 

U8°56' 

18°19' 

110^ 

1.69 

hi 

i47°25» 

21^21+' 

13# 

5.8 

6 

18°12« 

58°12' 

25°55' 

18C# 

1.73 

3.U 

7i 

11°15' 

60°51« 

26°26'  , 

18^ 

1.73 

2.0 

TABLE  5 

BmVIOE  OF  #97157  OII£D  WITH  12|^  328  FM.  ASPHALT  AMD  MOLDED 
mTH.  VARIOUS  WATER  CONTENTS  AT  5OO  LBS.  PER  SQUARE  INCH* 

56  (1) 

Drummond  -  HelmTllle 


%  Water 
Added  to 

(A) 

Cone  Angle 
Immediately 

(B) 

Cone  Angle 
After 
Drying 

(c) 

Dry 
Density 
gr./  cm. 

Con^''^ingle 
After 
8  Day 
Jjnmersion 

After 
8  Day 
Immersion 

Voiioie 
Swell 
8  Day 

0 

1.90 

2^15 » 

1# 

i| 

1.96 

52°16' 

12^ 

7.8 

3 

67^28' 

2.08 

ia+°52' 

180^?^ 

5.5 

hk 

52^06* 

72014.9 » 

2.0U 

19^ 

19°26« 

75010' 

1.96 

i+5^21' 

17# 

U.0 

71 

10058" 

69<'55' 

I.9G 

31°3l4» 

16# 

5*9 

0  125U5678 

%    ]^©ISTUEE  AT  MOLDING 
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Test  results  on  different  aggregates  are  tabulated  in  tables  6 
to  12  inclusive.    The  same  asjiialtic  binder  was  used  for  all  mixtures, 
a  2O7  pen.  asjiialt.    The  aggregates  were  chosen  so  as  to  represent  a 
full  range,  intermediate  and  low  volume  changes  upon  iamersion. 

The  data  includes  the  moisture  content  yAien  molded,  the  dry  den- 
sity, moisture  absorption  and  percent  volume  change  on  8-day  insnersion 
and  stability  of  the  soaked  specimen.    In  addition,  the  air  voids  of 
the  dried,  molded  briquettes  were  calculated,  and  the  saturation  of 
the  voids  determined  after  8  days  immersion.    The  saturation  of  voids 
is  calculate       the  assumption  that  the  moisture  absorbed  is  taken 
up  by  the  specimen  in  two  ways.    The  increase  in  volume  of  the  briqu- 
ette, or  swelling,  and  the  filling  of  original  voids.    The  volume  of 
water  assumed  to  enter  the  voids  is  in  effect  taken  as  total  volme 
absorbed  less  the  the  volume  increase.    The  accuracy  of  the  voids  saturat 
ion  results  are  probably  not  comparable  to  the  other  test  results, 
on  account  of  the  accumulation  of  errors,  and  magnification  thereof 
in  the  extended  calculations  employed. 

In  table  6,  the  first  five  specimens  were  imtiersed  for  cnly  2h 
hours,  but  under  22  inches  of  vacum,  the  remaining  six  specimens 
were  given  the  regular  8  day  soaking  period.    The  looisture  contents 
at  molding  (iiffer  f  rem  the  moisture  added  due  to  moisture  loss  by 
evaporation,  and,  in  the  case  of  the  higher  moisture  contents,  by 
squeezing  out  upon  molding.    As  a  result,  the  specimens  with  excess 
water  were  converted  to  comparable  conditions  of  moisture  in  the 
molding  process  and  specimens  7,  8,  9,  10  &  11,  table  6  are  nearly 
identical  and  may  be  considered  as  check  determinations.    The  results 
obtained  on  specimens  7,  8,  9,  10  &  11  are  therefore  indicative  of 
the  degree  of  acctiracy  obtained. 
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HESULTS 

1.  PerhafB  the  most  revealing  results  are  the  percent  Told  satur- 
ation deterfflinationat.  far  the  most  part,  they  are  stiprisingly 
Itjw,  except  -where  T^actaon  was  emplcfyed  to  force  the  water  into 

* 

the  TOidS.    This  woiold  indicate  that  the  air  voids  or  capillar- 
ies are  relatively  impervious  to  the  entrance  of  water  and  that 
the  greater  portion  of  the  absorbed  moisture  was  absorbed  by  the 
minerals  and  resulted  in  voliane  increases. 

2.  Moisture  at  the  time  of  molding  resulted  in  higher  densities, 
ifluch  lower  volume  changes  snd  water  absorption  upon  immersion 
and  higher  stabilities  in  the  soaked  condition.    The  different 
aggregates  confom  to  this  in  varying  degr#e#,  althou^  all  ar^ 
markedly  effected. 

3.  Aggregate  mixtures  with  hi^  Siwelling  tendmeies  have  their 
greatest  densities  at  a  certain  optiraBim  mfiisture  ccaitent.  Excess 
moisture  results  in  decreased  compacted  densities.    The  low  swell- 
ing aggregates  are  not  as  paronounced  in  this  reaction,  probably 
due  to  the  fact,  as  tabulated  in  the  results,  that  the  eaccess 
moisture  is  squeezed  out  of  the  low  swelling  aggregates  in  Com— 
paction.    It  appears  that  the  higher  swelling  aggregates  have  a 
greater  affinity  for  the  water  and  the  excess  is  nuot  readily 
squeezed  out  in  molding. 


» 
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TABIE  6 

#95297  -10  M.  Aggregate 


Wo. 

Moist. 

Added 

Moisture 

Dry 
Density 

% 

Swell 
8  Day 

% 

Moisture 
Absorbed 
8  Day 

Stab- 
ility 
After 
IiuTnersicr 

% 
Voids 

Saturation 
of 

Original 
Voids  % 

1 

0 

0 

1.906 

11.32 

111.  07* 

20C# 

17.06 

90.85 

2 

1 

0.8k 

I.9U3 

11.76 

12.65* 

235# 

15.43 

83.08 

3 

2 

1.39 

1.965 

11.20 

12.17^^ 

2i|(^ 

II+.52 

87.53 

h 

5 

2.15 

1.989 

9.22 

10.52* 

28]3^ 

13.71 

85.i|0 

5 

k 

2.57 

2.008 

6.25 

8.15* 

12.62 

80,19 

6 

5 

3.56 

2,022 

2»13 

1.8i| 

700^ 

12.00 

13.25 

7 

7 

U.69 

2.011 

2.17 

2.  Ill 

690^ 

12.  U9 

17.05 

8 

9 

2.OOI4. 

2.21 

2.10 

66c# 

12.82 

15.60 

9 

n 

U.67 

1.996 

2.2^ 

2.23 

73# 

1.3»16 

16.6[| 

10 

15 

k'k2 

2.012 

2.3:1 

2.15 

noif 

12.i|8 

16.18 

11 

15 

k»3h 

2.003 

1.16 

2.06 

730# 

12,86 

23.09 

*  -  Soaked  under  vacuum  at  22"  Hg,  for  2k  hoturs. 

TABLE  7 
I9  52142  -10  M.  Aggregate 

1 

0 

0 

1.925 

I6.i;8 

9.95 

19.25 

13.87 

2 

2 

1.27 

2.051 

m.29 

7.99 

30^ 

13.97 

15.03 

3 

li 

2.63 

2.063 

7.02 

i|.  07 

507f 

13.i4li 

10.20 

U 

6 

U.86 

2.023 

6«81 

U.35 

U5^ 

15. Ill 

13.11+ 

5 

8 

6.  Us 

1.980 

5»96 

Uo7l+ 

lil# 

16.95 

2O0I7 

6 

10 

7.9U 

1.940 

6.2lj 

5.i|0 

1|0C# 

18.60 

22.80 

7 

12 

8.51+ 

1.923 

6. 52 

5.5I1 

390iif 

19.35 

21,142 
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TABLE  8 

#95378  -10  M  Aggregate 


Ho. 

Moist. 
Added 

Moisture 

Swell 
8  Day 

Moisture 
Absorbed 
8  Day 

Stabil- 
ity 
"  After 
inaeisisn 

Voids 

% 

Saturation 
Voids 

1 

0 

0 

2.067 

11.58 

6.142 

28C^ 

11.81+ 

ll;.50 

2 

2 

1.19 

2.099 

2.32 

2.  51+ 

5UC# 

10.51 

30. 5U 

5 

i+ 

2.U0 

2.071 

0.85 

2.08 

51^ 

11^66 

29.67 

i+ 

6 

2.U6 

2.070 

1.50 

2,13 

11.68 

26.62 

5 

8 

5.01+ 

2.060 

0.67 

1.67 

370^ 

12.13 

22.83 

6 

10 

5.06 

2.062 

1.36 

1.71 

12.10 

17.85 

TABLE  9 

llf95iji+9  -10  M  Aggregate 

1 

0 

0 

1.789 

18. 72 

l6.6ij. 

25. 80 

1+6.1+2 

2 

2 

1.57 

1.896 

12.26 

10.10 

265# 

19. 2U 

55.80 

5 

u 

5.16 

1.976 

U.55 

U.61 

70^ 

15.7i+ 

28.97 

1; 

6 

5.55 

1.956 

2,92 

3.66 

800|= 

16.67 

25.it3 

5 

8 

7.11 

1.890 

1.95 

3.96 

19.  Uo 

28.51 

6 

10 

1.876 

2.U5 

U*27 

20.00 

27.90 

#95l|6! 

TABI£  10 

5  -10  M.  Aggregate 

1 

0 

0 

1.972 

5.92 

U.7U 

35Q# 

16.61 

32.66 

2 

2 

1.28 

2.090 

2.08 

2.80 

52^ 

11*61 

32.1+8 

5 

u 

1.82 

2.095 

2.09 

2.7I; 

1;5# 

10.75 

33.95 

6 

2.23 

2.096 

1.66 

2.69 

U8# 

11.31 

35.17 

6 

8 

2.66 

2.081 

1.39 

2.it.0 

55# 

11.99 

50.05 
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TABLE  11 
#95296  -10  M  Aggregate 


No 

% 

Moist, 

Added 

7° 

Moisture 

Density 

Swell 
8  Day 

i 

Moisture 
Absorbed 
8  Day 

Stab- 
ility 
After 

III  1 1  I'-aLU 

% 

Voids 

d 

Void 
Saturation 

1 

0 

0 

1.872 

17-16 

12o55 

20(# 

20.2U 

31.27 

2 

2 

1.78 

1.972 

15.88 

9.93 

27^ 

16.  ll; 

22.92 

5 

h 

2.90 

2.0i^3 

10.71 

6.5^ 

53^ 

13.09 

20. 2U 

6 

5.26 

1.990 

6.77 

i;-71 

15.58 

16.91 

5 

8 

6.27 

1,961 

5»U4 

590# 

16.78 

18.95 

6 

10 

6.67 

1.953 

5.88 

4.30 

57# 

160  93 

111.  88 

TABI£  12 

1 

0 

0 

2.065 

6.80 

i!-.67 

20.  ul 

13.91 

2 

2 

1.80 

2.121 

3.62 

2.95 

620# 

11.28 

22.96 

3 

h 

2.l4i| 

2.115 

2.55 

2.37 

59# 

11.55 

21.30 

h 

6 

3.00 

2.112 

2.53 

2.01 

11,66 

m,67 

3 

8 

3.43 

2.075 

2.51 

2.12 

65Ci 

13.39 

m.i2 
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Tables  IJ  to  20  present  test  results  on  the  same  aggregate,  employing 
different  asi*ialtic  aaterf-als  as  the  bittmtiHOus  binder. 

EESULTS  AND  CONCLUSIONS 

1.  ToluEie  swell  and.  water  absorption  results  were  soue.vjiiat  lower  for  the 
heavier  grades  of  bituminous  binder.    This  is  probably  due  to  the 
heavier  asjiialts  setting  up  a  stronger  internal  structure  'vAich  re- 
sisted somevdiat  the  disruptive  forces  of  the  swelling  aggregates.  It 
is  doubtful  that  it  is  due  to  waterproofing,  since  the  lowest  swell- 
ing specimens  (higher  moisture  contents  at  molding)  have  higher  void 
saturation  than  the  un-inhibited  (dry  molded')  specimens  for  all  series 
of  tests  on  this  aggregate. 

2.  This  series  of  tests  tend  to  indicate  that  by  molding  the  aggregate 
mixtures  in  a  moist,  or  pre-swelled  condition,  the  voids  (after  drying 
the  mixture  and  shrinking  the  swelled  aggregate  particles)  are  fixed 
so  that  subsequent  swelling  and  shrinking  may  take  place,  filling  £ind 
mptylng  these  voids  without  disrupting  the  structure  of  the  ccmpacted 
mixture.    This  conclusion  is  reached  frcaa  the  follcrwing  results: 

a.  The  volume  change  of  the  briquettes  upon  soaking  is  greatly  reduced 
for  the  specimens  >4iich  were  molded  with  moisture  (pre-swelled). 

b.  Stability  of  the  specimens  molded  with  moisture  was  greater  after 
soaking  than  for  specimens  molded  dry.  Indicating  less  breakdown 
of  mechanical  structural  bonds. 

c.  The  voids  of  the  specimens  molded  with  moisture  were  very  much 
itiore  saturated  after  soaking  than  thpse  of  the  dry  molded  materials 
indicating  that  the  swelling  took  place  within  the  structure  of  the 
moist  molded  specimens  and  filling  the  voids,  not  outwardly  which 
wotild  have  increase!  the  volumes  of  the  specimens,  disrupted  their 
structures  and  reduced  their  stabilities  as  it  did  in  the  case  of 
tha  dry  molded  mixtiires. 


-22- 

TABIE  13 
#92958  -  10  E  Aggregate 


Type 
of 
Oil 

No. 

?^ 

Moisture 
at 
Molding 

Swell 
8  Day 

% 

Moisture 
Absorbed 
8  Day 

Stabil- 
ity " 
After 

1 

Voids 

1^ 

Tr_  •  J 

Void 
Saturation 

1 

0 

io7lo 

Ho 
X)il 

2 

3o62 

1.873 

3 

7.37 

1.958 

h 

9.22 

2.000 

5 

10,59 

1.980 

TABLE  li 

1 

0 

1.768 

26.5i| 

17.13 

151^ 

22.62 

16.57 

sc-k 

of 

2 

1»91 

2.O5I4. 

22.11 

11.36 

5# 

10.12 

11.95 

3 

U.36 

2.012 

7.99 

6.25 

13^ 

11.96 

38.30 

h 

7.32 

1.926 

5.83 

7.22 

123# 

15»70 

51.1+0 

3 

10.02 

1.8i4fi 

8.08 

19.11 

53.33 

TABLE  15 

1 

0 

1.83U 

35.62 

22.63 

li# 

18.02 

52.68 

MC-3 
10^ 
of 
Mix 

2 

1»72 

1.937 

28.82 

17.72 

32# 

15.25 

56.06 

3 

3.01 

2»0h2 

18.  lU 

11.00 

11^ 

10.63 

U0.65 

h 

5.31 

1.992 

8. 88 

8.18 

m9^ 

12.80 

57.89 

5 

8.02 

I.9O8 

5.21 

8.32 

153# 

16.50 

6i;.60 
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TABI£  16 


#92958  -  10  M  Aggregate 


Ol 

Cd.1 

JMO. 

Nk)istiir< 

at 
Molding 

T\  •J 

Density 

Swell 
8  Day 

7" 

Moisture 
Absorbed 
8  Day 

Stab- 
ility 
After 

[ill  lersion 

Voids 

% 

Void 

iJdLt>U.X  ciUXwXl 

1 

0 

1.879 

28.70 

16.96 

28# 

17.77 

17.78 

RDS-2 

2 

1.9^ 

21.1+9 

12.71 

8]# 

15.  81 

25.63 

10^  of 

3 

3.03 

2.036 

10.53 

7.U5 

18# 

10.91 

1+5.16 

mix. 

h 

5.78 

1.961 

5.21 

6.09 

25<# 

11+.17 

1+7.1+9 

5 

U.08 

1.906 

U.08 

6.68 

2l+# 

16.57 

52.20 

TABIE  17 

150- 
200 
Pen. 
Aspii. 

1 

0.00 

la  801 

20.88 

12.19 

127^ 

21.2 

5.05 

2 

2o05 

1.993 

18.18 

9.67 

520# 

12.8 

8.50 

3 

3.i;9 

2.020 

8.75 

6.61 

U8# 

11.8 

39.00 

Wo 

5.62 

lo981 

6.95 

6«1_|.6 

l+75# 

15.5 

1(1+.  00 

of  MLx 

5 

7.82 

1.917 

5.83 

6.82 

362^ 

16.1 

1+5.15 

TABIE  18 

1 

0 

1.907 

22. 2d 

12.75 

10^ 

16. 5U 

12.55 

EC-2 

2 

2.05 

2.055 

16. 9E 

9.1+9 

115#- 

10.97 

21.2i+ 

lOJ^ 
of 
Mix 

3 

3.12 

2.0i|U 

6.9? 

I4..45 

5U7# 

10.57 

20,00 

i+ 

U.75 

1.991 

1.2£ 

5.76 

52^ 

12.85 

1+8.71 

5 

6.68 

1.936 

1.4^ 

5.62 

28^ 

15.29 

36.1+9 

TABLE  19 

60-70 
Pen, 

1 

0 

1.759 

17.19 

10.66 

22^ 

25.88 

5.65 

2 

1.^ 

1.916 

13.50 

7.05 

U9# 

16.  lU 

0.00 

As-^h 

3 

2.81 

1.981 

8.58 

5. 76 

61(# 

13.35 

22,75 

10^  of 

k 

5.60 

1.989 

5. 81 

5.15 

557# 

12.93 

55*95 

5 

6.U5 

1.913 

6.12 

5.91 

1+5^ 

16,28 

51.81 

-21,-. 

TABI£  20 
#92958  -  10  M.  Aggregate 
J2fo  SS-1  Emulsified  Asphalt 


No, 

Moist  lire 
ati 

Molding* 

Density 

% 

Swell 

8  Pay 

% 

Moisture 
Absorbed 
8  Day 

Stability 

JilXiBT 

Immersion 

1 

0 

1.680 

27.97 

2 

1.10 

1.850 

26.59 

17.12 

92^ 

5 

1.20 

1.900 

2l+.5i+ 

111.  05 

9# 

4 

2.70 

2.020 

10,10 

6.20 

57# 

5 

6.15 

2.000 

1+.08 

6.18 

51^ 

6 

8.80 

1.890 

5.1+1 

7.21 

28^ 

7 

9.50 

1.870 

I+.I4I 

6.81 

21# 

8 

12.20 

1.770 

2.55 

6.18 

1L# 

9 

1.7i+0 

2.70 

6,51 

150# 

10 

1.750 

2,70 

6.07 

16?# 

11 

15.75 

1.750 

5.1+7 

7.96 

im 

12 

16.10 

1.750 

5.05 

5.71 

17C# 

*    22-25^  moisture  used  to  obtain  a  smooth  mix,  then  dried  to 
the  n^isttire  contents  shown  before  compacting. 
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On  table  21,  ie  tabulated  the  volume  changes  iipon  soaking  for 
8  days  of  a  variety  of  aggregates.    The  columns  headed  Routine  Volume 
Swell  contain  the  percent  increase  in  wlume  and  soaked  stability  ot 
the  aggregates  -with  no  moisture  present  at  molding, 

"Hie  Oiled  Moist,  Compacted  Moist  columns  list  percent  swell 
results  for  the  aggregates  ^Aiich  -were  mixed  in  a  moist  condition 
(cold  mixed  mth  liquid  asphalt ic  materials)  and  mfilded  in  the  moist 
condition. 

fkte  Oiled  Dry,  Compacted  Moist  columns  contain  the  results  of 
percent  sirell  and  s  oaked  stability  for  the  dry  aggregate,  bituminous 
mixtures  -idiich  were  moistened  21;  hours  before  molding* 

Although  the  bituminous  binders  employed  wre  not  of  the  same 
type  and  grade  for  all  aggregate  samples,  the  series  of  tests  on 
each  sample  as  numbered  represent  the  results  for  the  same  grade, 
type  and  source  of  bituminous  material.. 
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TABI^  21 


nESCRIPHOM 

sou: 

VnTITMI 

CDCE 

3  OtUUijL* 

OILED 

OILED  DRI 
COMPAGTSD  MDIST- 

Lab.Kia 

Project 

Grade 
of 
Oil  Mix 

% 

Stab- 
ility 

Soaked 

■pai 

•COMPACT- 
ED MDIST 

i> 

SHEIX 

i>  SKKU 

Stability 
(Soaked) 
psi 

85075 

F  328  E  (PC) 

RCSr2 

10.72 

2.1; 

92938 

328  (1L+) 

150-200 

20.88 

12# 

5.  81 

36^ 

ff 

« 

RC-2 

22.26 

102^ 

1»95 

28^ 

n 

R 

60-70 

17.19 

22^ 

5.81 

537# 

H 

n 

EGS-2 

28.70 

28# 

I4.O8 

2l+C# 

K 

n 

MC-3 

35-62 

11# 

5.21 

153^ 

n 

tt 

SC-4 

26.51+ 

1# 

I+.7I+ 

9# 

92939 

FHP  53-B 

ECS-2 

20.06 

2.0 

n 

3C-J4 

22.3 

1+06 

9U2O9 

S  I4I  (3)  PC 

300  Pen 

1L+.69 

0.10 
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HEVIEIf  AMD  ANALISIS 
CkflHparison  and  study  of  the  amoimt  of  water  absforption  and  vol. 
swell,  stability,  density  and  voids  of  the  different  aggregate-bit- 
xoninoTis  mixtures  imder  the  conditions  of  test  reveals  a  pattern  for 

•  moisture  absorption  and  svell.    The  absorbed  moisture  increases  t  he 
sizfe,  or  swells  the  aggregate  particles,  and  varies  from  about  ij  to 
6  or  75$  moisture    for  the  different  aggregates  t  ested.    These  figures 
are  the  amounts  of  moisture  that  were  necessaj^y  to  completely  psre- 
swell  the  aggregates,  and  are  considered  as  absorbed  moisture  frm 
that  standpoint. 

In  addition  to  iiie  moisture  absorbed  by  the  aggregate  particles 
themselves,  an  additional  soaount  of  water  is  allowed  to  enter  the 
swelling  specimem  beoaniso  of  the  disruption  of  particle  alignmmts 
and  asphaltic  bonds  and  creation  of  new  voids.    Further,  the  swelling 
and  disruption  apparently  increase  th©  s  ize  of  some  of  the  original 
»  Tidds,  removes  structural  blocks  to  these  voids  and  thereby  results 

in  Increased  saturation  of  the  original  voids.    The  aggregate  mix- 
tures having  high  water  absorption  and  volume  increase,  with  accomp- 
aiQriag  disruption  of  particle  bonding  and  alignment,  lose  stability 
and  crack  and  disintegrate  upon  drying  and  shrinking. 

Vhen  the  same  aggregate-bituminous  mixtures  are  compacted  with 
moisture,  the  reactions  of  the  specimens  to  water  absorption  and  its 
effects  is  altered.    If  the  mineral  particles  prone  to  swell  are  all— 
owed  to  absorb  moisture  and  satisfy  their  affinity  for  -water  before 

•  ccmpaction,  the  individual  particles  a  re  molded  into  the  specimen  in 
their  largest  volojne  stat«.    Ihe  strueturia  «f  ti^  mass,  particle  al- 
ignment and  bittHidnous  bonding  is  thm  f  IsoBd  uHddr  t  hat  condition 
mixinrum  volume  for  all  particles.    Upon  drying,  the  swelled  particles 
shrink,  leaving  small  voids  enCompasing  each  shrunken  particle. 
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Subsequent  -wettixig  and  drying  of  the  particles  then  resiats  In 
the  particles'  swelling  and  shrinking  within  the  pre-formed  voids. 
In  this  vray,  they  do  not  increase  the  total  volume  of  the  mass  by 
disrupting  structural  bonds,  and  therefore  do  not  produce  large  val- 
Mes  for  volume  swells  as  measured  in  this  investigation.    Sincfe  no 
great  volume  change  and  breakdown  of  0tructure  occures,  the  specimens 
tend  to.  maintain  their  stability  vdth  soaking. 

aeoretically,  it  should  be  possible  to  eliminate  volume  changes 
altogether  with  complete  pre-swelling  of  the  aggregates.  Actually, 
for  the  materials  tested,  an  average  of  about  QOfo  reduction  in  volume 
SFwells  was  obtained  by  the  use  of  moist  compaction.    One  factor  tend- 
ing to  prevent  the  total  elimination  of  volume  increases  may  be  that 
the  pressures  used  in  compaction  are  sufficiently  high  to  partially- 
compress  and  dehydrate  the  swelled  particles  so  that  they  are  not 
compacted  in  their  state  of  largest  volume.    Also,  an  aggregate  con- 
taining a  small  percentage  of  high  swelling  minerals  might  react 
differently  from  an  aggregate  -fdth  an  equal  volume  change  but  lAich 
is  composed  almost  entirely  of  moderately  swelling  minerals. 

Waterproofing,  as  a  factor  in  the  elimination  of  volume  change 
and  stability  loss,  by  permanent  exclusion  of  moisture  was  of  no  dis- 
eemable  significance  for  the  bituminous-aggregate  mixtures  employed 
in  this  investigation. 

"Hiere  does  not  appear  to  be  any  definite  lijniting  value  for  the 
volimie  swell  ^*iich  could  be  set  as  a  standard  to  insure  against  det- 
rimental action  of  water.    Some  aggregates  soften  and  lose  more  stab- 
ility with  a  siven  volume  swell  than  do  others.    It  appears  that  the 
immersion-compression  test,  or  a  variation  thereof,  as  used  in  this 
investigation,  is  a  better  measure  of  resistance  to  deterioration 
f rem  swelling.    If  desired,  the  influence  of  stripping  can  b  e  approx- 
imately evaluated  by  employing  an  effective  additive  for  prcanoting 
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adhesion  and  comparing  the  volume  swell,  water  absorption  and  stab- 
ility loss  of  the  mixture  with  one  not  containing  the  additive. 
"Hiis  can       verified  approximately  by  estimating  the  effect  on  stab- 
ility loss  from,  the  volume  swell  (since  they  correlate  quite  wall 
with  a  givm  aggregate),  or  by  minimizing  the  effects  of  VDlunte  suell 
■with  moist  compaction  and  comparing  results,, 

Since  the  volume  swell  is  shown  to  have  a  great  influence  on  the 
condition  of  Specimens,  its  deteimination  in  a  dry  compacted  mixture 
and  also  a  moist  compacted  mixtin^  is  ©f  great  significance  in  the 
evaluation  of  the  effects  of  moisture  on  the  behavior  characteristics 
of  pavements.    Since  all  pavements  (shoulder  sections  possibly  except 
-ed)  eventually  are  subjected  to  moist  ccmipaction  by  natural  precipi- 
tation and  traffic,  the  reaction  of  the  pavement  materials  to  this 
treatment  is  significant  in  the  evaluation  of  the  materials  and  In 
the  setting  of  the  specificationsc 

Failure  of  shoulders  of  pavements  or  other  non-traffic  sections 
to  receive  this  conditioning  treatment  may  offer  an  explanation  for 
some  types  of  pavemeit  deteidoration. 

If  the  mechanism  of  swelling  is  substantially  as  developed  in 
this  report,  there  appears  to  be  no  reason  TrAij  the  principles  in- 
volved could  not  be  employed  to  advantage  in  subgrade  compaction. 
Indications  are  that  a  soil  subject  to  large  volume  changes  could  be 
at  least  partially  inhibited  by  compacting  with  excess  moisture 
(excess  over  optimum)  to  lower  densities.    It  also  follows  that  eff- 
orts to  compact  these  soils  to  maximum  densities  may  not  only  be 
wasted,  but  may  induce  a  condition  of  greater  Susceptibility  to  deter 
ioration  by  excessive  volume  changes. 

The  various  influences  of  moisture  on  t  he  properties  of  bitumin- 
ous mixtures  ^  presented  in  this  investigation  have  been  magnified 
by  employing  only  the  -lOM,  fraction  of  aggregate,  except  in  a  few 
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instances  of  10%  sand  aggregates.    While  this  is  sufficient  for  the 
identification  of  influences  and  tendencies,  the  grading  of  the  i^ole 
aggregate  must  be  taken  into  account  in  order  to  property  evaluate 
the  net  effect. 

It  -wDuld  seem  probable  that  the  characteristics  of  the  -lOM, 
aggregate  ml^t  be  inflected  to  a  lesser  degree  cfa  pavment  construct- 
ed with  an  open  textured  aggregate.    The  construction  methods  may 
also  exert  some  influence  upon  the  carrying  throu^  of  certain  char- 
acteristics to  the  finished  pavement.    It  is  knoisn  that  for  road 
mixed  pavements,  moisture  assumes  an  important  role  since  it  is  pre- 
sent in  significant  amounts  either  before,  during,  or  after  const- 
ruction and  that  the  pavement  is  in  a  favorable  condition  to  respond 
to  traffic  compaction  for  an  extended  period.    Hot  mixed,  hot-laid 
pavements  expecially  vdien  bound  with  harder  asphalts  are  more  likely 
to  resist  the  kneading  action  sad  compaction  of  traffic  with  moist- 
xsre.    This  WDuld  tend  to  prevent  the  natural  rearrangement  of  agg- 
regate particles  and  formation  of  a  structiu'e  which  would  accomodate 
the  particles  in  their  largest  volume,  or  swelled  condition. 

While  this  may  not  be  construed  as  vindicating  the  use  ©f  In- 
ferior aggregates  in  the  loirer  type  cold  mixed  pavenents,  it  should  warn 
against  their  use  in  hot  mixed  type  pavements.    It  tends  to  indicate 
at  least  that  the  hot  mixing  with  penetration  asphalt  of  an  inferior 
aggregate  is  not  a  panacea  for  a  poor  aggregate  and  that  the  result- 
ing pavement  may  even  be  inferior  in  s  cane  respects  to  the  cheaper 
cold  mixed  pavement. 

It  has  been  found  in  field  practice  that  the  partial  elimination 
of  the  finer  size  fractions  f  itaa  an  aggregate  f  rom  a  certain  source 
greatly  Improves  the  resistance  to  deterioration  from  moisture. 
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Scmetimm  the  dilution  of  the  natural  fines  -with  manufactured  tor 
crusher  fine®  results  in  imprOTemait,  and  in  seme  instances  the 
OK»site,    The  character  of  the  fines  as  measured  by  the  P.I.  has 
hem  found  to  be  unreliable  as  any  indication  of  susceptibility  to 
moisture  deterioration  of  bituminous  aggregate  mixbures.    This  may 
be  due  to  various  other  factors  overshadoTdhg  the  effects  indicated 
by  the  P.I.  and  that  the  worst  offending  minerals  are  not  always 
ccmfined  to  the  finest  aggregate  fractions  that  produce  plasticity. 


■  Valuable  assistance  and  suggestions,  based  on  observations  of 
field  performance  by  Ijehman  Fox,  Assistant  Ccaistructibn  Engineer; 
and  Martin  Powers,  Assistant  Maintenance  Engineer;  aided  in  select- 
ing significant  Laboratory  Proceedure. 

Kenneth  Cross  and  Ben  Burgess,  members  of  the  research  staff 
aBsisted  In  the  laboratory  -work  required  for  this  investigation* 
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